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1. INTRODUCTION {#mgg31338-sec-0005}
===============

Uighurs principally live in Kashi region of northwest China. Some reports indicated the genetic structure of Uighur was similar to that of Eurasian populations which have undergone far‐ranging interactions with East Asian and European populations (Wells et al., [2001](#mgg31338-bib-0019){ref-type="ref"}; Yao, Kong, Wang, Zhu, & Zhang, [2004](#mgg31338-bib-0021){ref-type="ref"}); therefore, analyses of haplotypic diversity and genetic structure in the Uighur group have been a hot topic for population genetics in recent years.

Human Y chromosome contains a large number of non‐recombining regions in the human genome (Y Chromosome Consortium [2002](#mgg31338-bib-0003){ref-type="ref"}). Y‐chromosomal short tandem repeat (Y‐STR) markers have been widely used in forensic applications, especially in sexual assault cases and paternity tests because Y‐STRs are haploid and patrilineal inheritance mode (F. Liu, Jia, Sun, Zhao, & Shen, [2019](#mgg31338-bib-0011){ref-type="ref"}); and they are also used in genealogical study for male lineages (Kayser et al., [2004](#mgg31338-bib-0007){ref-type="ref"}) and forensic ancestry analyses (Whiting & Coyle, [2019](#mgg31338-bib-0020){ref-type="ref"}). Because the pattern of DNA variations among populations implied the history of population origin, migration, evolution, and expansion, the sex‐specific inheritance pattern of the Y chromosome have more greatly values on the study of haplotypic diversities, population genetic structure and paternal origins. The previous studies revealed that Y‐STR haplotype was considered to be an ideal tool to explore the genetic relationships in male populations (Kayser et al., [2001](#mgg31338-bib-0008){ref-type="ref"}). Up to now, there are several studies of the haplotypic diversities in the Uighur group based on different Y‐STR sets, including 24 Y‐STRs (Liu et al., [2015](#mgg31338-bib-0012){ref-type="ref"}) and 12 Y‐STRs (Zhu et al., [2005](#mgg31338-bib-0022){ref-type="ref"}). However, the greatest dilemma of nowadays Y‐chromosome analysis for population genetic studies is that it is unable to exclude either close or distant male relatives because of their relatively low mutation rates (Phillips et al., [2014](#mgg31338-bib-0014){ref-type="ref"}). Under this condition, some rapidly mutating Y‐STRs have been exploited and applied to differentiate male relatives (Ballantyne et al., [2012](#mgg31338-bib-0002){ref-type="ref"}).

In this research, we used the 27 Y‐STR amplification system (Applied Biosystems) to study the Y‐STR diversity and haplotypic structure in Uighur group from Kashi region, and to analyze genetic relationships between Uighur and other ethnic groups to better study and understand genetic structure of Kashi Uighur group.

2. MATERIALS AND METHODS {#mgg31338-sec-0006}
========================

2.1. Sample collection and DNA extraction {#mgg31338-sec-0007}
-----------------------------------------

Blood samples were gathered from 340 Uighur unrelated healthy male individuals living in Kashi region, China. All the participants have signed the consent form before sample collections. Volunteers in the study should have ancestors having lived in the Kashi region for more than three generations and have no common ancestries. The study followed the human and ethical research principles of Ankang Hospital of Traditional Chinese Medicine, and was authorized by the Ethics Committee of Ankang Hospital of Traditional Chinese Medicine, China. After sample collection, genomic DNA was extracted using the Chelex‐100 method as described by Walsh et al., ([2013](#mgg31338-bib-0018){ref-type="ref"}).

2.2. PCR amplification and Y‐STR Typing {#mgg31338-sec-0008}
---------------------------------------

Y‐STR amplification was performed on a GeneAmp^®^ PCR System 9700 Thermal Cycler (Applied Biosystems) using the Yfiler^®^ Plus PCR Amplification kit according to the manufacturer\'s instruction. Amplified products were separated and detected by capillary electrophoresis in ABI 3500 (Applied Biosystems). The Y‐STR genotypes were analyzed using the GeneMapper ID 3.2 software (Applied Biosystems).

2.3. Quality control {#mgg31338-sec-0009}
--------------------

The DNA 007 as positive control and ddH~2~O as negative control were analyzed for each batch of genotyping. All experimental procedures followed the laboratory internal control standard. Moreover, we sternly followed by the recommendations of DNA Commission of the International Society of Forensic Genetics on the analysis of Y‐STRs (Gusmao et al., [2006](#mgg31338-bib-0006){ref-type="ref"}).

2.4. Statistical analysis {#mgg31338-sec-0010}
-------------------------

Allelic and haplotypic frequencies of 27 Y‐STRs in the Uighur group were estimated using direct gene‐counting. Gene diversities (GD) and haplotypic diversities (HD) were calculated based on the formula (Nei & Tajima, [1981](#mgg31338-bib-0013){ref-type="ref"}). The forensic parameters were estimated for the minimal haplotype, extended haplotype, Yfiler haplotype and Yfiler Plus haplotype, respectively. Discrimination capacity (DC) was calculated based on the description in the previous study (Liu et al., [2015](#mgg31338-bib-0012){ref-type="ref"}). The fractions of unique haplotypes (FUH) values were evaluated depending on the previous description (Gayden et al., [2011](#mgg31338-bib-0005){ref-type="ref"}). Based on the Y‐filer 17 loci, *Rst* genetic distances between the studied Uighur group and other reference populations were calculated by the online tool in Y‐Chromosome STR Haplotype Reference Database (<https://yhrd.org/>) with the method of analysis of molecular variance (Excoffier, Smouse, & Quattro, [1992](#mgg31338-bib-0004){ref-type="ref"}). Then a heatmap of pairwise *Rst* values of these populations was drawn by the pheatmap package of *R* software v3.3. A multidimensional scaling (MDS) plot was established based on these *Rst* values by the software SPSS v18 (SPSS). And a neighbor‐joining (NJ) tree was constructed by the program MEGA v5 (Tamura et al., [2011](#mgg31338-bib-0016){ref-type="ref"}).

3. RESULTS {#mgg31338-sec-0011}
==========

3.1. Allelic frequencies and GD values of 27 Y‐STRs in the Uighur group {#mgg31338-sec-0012}
-----------------------------------------------------------------------

The values of allelic frequencies and GD values for 27 Y‐STR loci were given in Table [S1](#mgg31338-sup-0001){ref-type="supplementary-material"}. Two hundred and 52 alleles were obtained at 27 Y‐STR loci and allelic frequencies ranged from 0.0029 to 0.6824. The values of GD for the 27 loci ranged from 0.4749 (at DYS437 locus) to 0.9416 (at DYS385a,b loci). Twenty‐six of 27 Y‐STR loci showed higher level of genetic polymorphisms with the GD values exceeding 0.5 in the Kashi Uighur group, and only one locus DYS437 possessed GD values less than 0.5. The seven rapidly mutating Y‐STRs (DYS576, DYS627, DYS570, DYS518, DYS449, and DYF387S1) displayed higher GD values (GD\>0.70). Eight micro‐variants alleles were obtained at six loci (DYS449, DYS458, DYS481, DYS518, and DYF387S1) in 24 samples.

3.2. Haplotypic diversity of 27 Y‐STRs in Kashi Uighur group {#mgg31338-sec-0013}
------------------------------------------------------------

We analyzed the forensic statistical parameters based on minimal 9 loci, extended 11 loci, Y‐filer 17 loci, and 27 Y‐STR loci in the Kashi Uighur group, as presented in Figure [1](#mgg31338-fig-0001){ref-type="fig"}. All the forensic statistical parameters showed rising trends with the increasing of loci number. At 9 loci, 11 loci, and 17 loci, the numbers of different haplotypes were 193, 202, and 235, of which 117, 127, and 172 haplotypes were unique, respectively; the relevant HD and DC values were 0.9919 and 0.5676, 0.9952 and 0.5941, and 0.9961 and 0.6912, respectively. With the increasing of the number of Y‐STR loci, more and more unique haplotypes were gained in general; a total of 295 haplotypes were found from 340 individuals at the Y‐filer plus 27 loci with the FUH, DC, and HD of 0.7588, 0.8676, and 0.9990, respectively.

![The numbers of observed haplotypes (a) and forensic statistical parameters (b) of different Y‐chromosomal short tandem repeat sets in the studied Uighur group](MGG3-8-e1338-g001){#mgg31338-fig-0001}

3.3. Population pairwise genetic distances {#mgg31338-sec-0014}
------------------------------------------

*Rst* is one of the most widely used measures for genetic differentiations and plays a central role in ecological and evolutionary genetic studies. The pairwise *Rst* values between Kashi Uighur group and other 17 ethnic groups were shown in Figure [2](#mgg31338-fig-0002){ref-type="fig"} and Table [S2](#mgg31338-sup-0002){ref-type="supplementary-material"}. Results revealed that the bigger genetic distances (*Rst*) was found when comparing the Kashi Uighur group with Yoruba (*Rst* = 0.3321). And the smaller differences were found with Aksu Uygur (*Rst* = 0.0009), Dongxiang (*Rst* = 0.0030), Karamy Uygur (*Rst* = 0.0047), and Korla Uygur group (*Rst* = 0.0060).

![Heatmap of *Rst* values of Uighur group and other reference populations](MGG3-8-e1338-g002){#mgg31338-fig-0002}

3.4. Phylogenetic analysis {#mgg31338-sec-0015}
--------------------------

Genetic relationships between the Uighur group and other reference populations were inferred from MDS and the NJ tree, as shown in Figures [3](#mgg31338-fig-0003){ref-type="fig"} and [4](#mgg31338-fig-0004){ref-type="fig"}. According to MDS plot, Kashi Uighur and other Uighur groups in different regions clustered together were located in the bottom. As shown in the NJ tree, Kashi Uighur firstly clustered with Uygur groups in different regions, and then, with Dongxiang, Mongolian, Kazak and other Asian populations.

![Multidimensional scaling plot for 18 groups based on their pairwis *Rst* values](MGG3-8-e1338-g003){#mgg31338-fig-0003}

![The neighbor‐joining tree of Kashi Uighur group and 17 reference populations based on their pairwise *Rst* values](MGG3-8-e1338-g004){#mgg31338-fig-0004}

4. DISCUSSIONS {#mgg31338-sec-0016}
==============

Genetic polymorphisms of Y‐STR loci in different populations are the basis of forensic application and population genetic research. The higher GD values of Y‐STR loci demonstrated high polymorphisms. The majority of 27 Y‐STR loci used in this study had high genetic polymorphisms in the Kashi Uighur group. Besides, eight micro‐variants were common in forensic caseworks, for example, micro‐variant alleles at the DYS458 locus which have been continually discovered in previous studies using other commercial kits (Roewer et al., [2008](#mgg31338-bib-0015){ref-type="ref"}; Turrina, Caratti, Ferrian, & De Leo, [2015](#mgg31338-bib-0017){ref-type="ref"}). These findings could be taken as a result of nonallelic homologous recombination events or somatic mutations (Balaresque et al., [2008](#mgg31338-bib-0001){ref-type="ref"}). Furthermore, we also found that the 27 Y‐STR loci had relatively higher discriminatory power than 17, 11, and 9 loci systems, which demonstrated that the discrimination power of 27 Y‐STR haplotypes in Kashi Uighur group was high enough for forensic and kinship casework.

Previously, Jin et al. ([2017](#mgg31338-bib-0023){ref-type="ref"}) explored phylogenetic relationships between Uighur and other reference populations based on a set of autosomal STRs and found that the Uighur group had relatively close genetic affinities with another Uighur group in different region 2017. Similar results were also reported in the another study based on autosomal insertion/deletion polymorphisms (Mei et al., [2016](#mgg31338-bib-0024){ref-type="ref"}). Here, we conducted population genetic analyses between Kashi Uighur and other groups based on 27 Y‐STRs, and obtained results revealed that there were small genetic differentiations among Uighur groups in different regions, probably because these groups do not intermarriage with other ethnic groups. Nonetheless, the present Y‐STR data might be insufficient to demonstrate the genetic relationships between Uighur and other populations. More comprehensive data and Y‐STR loci may be acquired to better reveal genetic background of Uighur group.

5. CONCLUSION {#mgg31338-sec-0017}
=============

In short, the present result assessed genetic distributions of 27 Y‐STR loci in the Kashi Uighur group, and found that most of Y‐STRs showed relatively highly genetic diversities. The results of MDS and phylogenetic reconstruction indicated the Kashi Uighur group had relatively closer genetic relationships with Uighur groups in different regions, Dongxiang, and Mongolian groups. The current data will provide genetic information resources and worthy data of minority ethnics in China for forensic DNA cases and population genetics.
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